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lb  ahould  follow  p-  <je  12.  The  mate”l  .1  or.  p-ige  16  la  o nor.- 
tinr.’itlon  of  th  t or.  p-  ire  12. 

The  last  Krrtsnce  In  the  p«.r-.gr-apu  iramoui -.te'iy  fallowing  mju-.tton 
(8)  or:  p*  vo  12  uhculd  read;  "Thus  from  thy  art  ndpoint  of  coulccblo 
energies  It  In  possible  to  accept,  tho  1 or.-d' pol  -.r  molecule  mechs- 
nlerr:  for  the  acid  hydrolyalts  of  ethyl  fora'  te. 

Pur  enclosed  Table  III  ohowirg  the  activation  energy  values  from 
vih.1  :h  £.  Ec/0^q\  were  obtained  should  be  inserted  Irate- 1 of  Tnblo 
Hi  yfViicht'appeare  lr.  tho  report.  Tho  activation  energy  v.-lues 
in  tho  .latter  table-  h-  ve  beer.  rounded  .- r.d  dc  ret  show  these 
dl:(  i'eror.cc-c- 


Table  nr 


Experimental  and  Calculated  Valuea  of  Energies 
of  Activation  for  Solvent  Effect 

Tonic  Strength::  0.0200  Hd:  0.Q200M  Ethyl  formate:  Q .0X0  CM 


Between  Temp  era  tureff  : 35.01°  (j  and  45«IXa  GT. 


E 

I 

k.1  x 10^ 
min  L 

k.r  x 10^ 
mln~-L 

AE<abaj 

^ Ec{  aha) 

cal) 

fe  55.01°  C 

& 45.11°  C 

66 » 

68 

4.62 

13.9 

21,  590 

62. 

44 

4. 06 

12.5 

21, 680 

90 

78.9 

58. 

88 

3 . 66 

11.1 

21, 790 

no 

75.0 

55. 

59 

3.50 

10.3 

21,910 

120 

78.0 

Between  Temperatures  ; 

iiQ:  cr  • 

*lv*  O.JL  NJ. 

a 

i:a  ao.Uk:  ( 

to  45.11°  C 

& 55.02°  C 

66. 

68 

13.9 

40.9 

22,150 

62. 

44 

12.5 

37.0 

22,150 

Q 

7Q  .9 

58. 

88 

11.1 

33.5 

22,180 

30 

75. Q 

55. 

59 

10,5 

30.5 

22,210 

3G 

78.0 

Between  Tamp  er  a 'cures: 

35 

.01°  C ;and  55.02°  C 

(&  35*01°  C. 

&55.Q2°  C. 

66. 

68 

4. 62 

41.0 

22,090 

62. 

44 

4. 06 

37.0 

22,140 

50 

78.9 

5a. 

aa 

3.66 

33.5 

22,210 

7G 

78.0 

55. 

59 

3.30 

30.5 

22,280 

70 

78.0 

Experimental  Values  of  Frequency 

Factor  far  Solvent 

Effect 

Tonic  Strength:  0.0200  HC1: 0.0200  M Ethyl  Formate : 0 . OlOQIi 

Dielectric  Constant: 62. 44 


Temperature 

°G 


35.01  ~ 46.11 
45.11  - 55.02 


Frequency  Factor 

10.07  x lO*2 
12,38  x 101S 
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THE  DIELECTRIC  CONSTANT  nND  SALT  EFFECTS 
UPON  THE  ACID  HYDROLYSIS  OF  ETHYL  FCRiiATE 


By 

NiiVln  P,  Shah  and  Edward  S.  Amis 
ABSTRACT 

The  hydrolysis  of  ethyl  formate  catalysed  by  hydrochlorio 
acid  was  studied  at  three  temperatures  In  water-acetone  media  and 
In  wat^r  media  containing  different  concentrations  of  sodium 
nitrate.  The  effect  of  various  Ionic  strengths  and  dielectric 
constants  upon  the  rate  of  acid  hydrolysis  of  ethyl  formate  Is 
presented  from  the  stand  point  of  eleotrostatios  and  the  results 
were  oompared  to  like  effects  upon  the  acid  hydrolysis  of  ethyl 
acetate  and  methyl  propionate.  Neither  the  dlsleotrlo  constant 
effect  r.or  the  salt  effect  lends  ItBelf  readily  to  theoretical 
Interpretation.  It  waB  assumed  that  a partial  explanation  of  these 
anomalous  results  might  be  in  the  extrapolation  of  the  aoi'.d  radioal 
to  the  simplest  oarboxylic  acid.  This  suggestion  was  supported 
somewhat  by  the  trends  towards  lees  adherar.ee  to  the  eleotrostatio 
theory  at  certain  temperatures  In  the  sanies  methyl  propionate, 
ethyl  acetate  and  ethyl  formate. 


It  waB  thought  that  Che  study  cf  both  the  acid  and  basic 
hydrolysis  of  eetere  ac  a function  of  the  dielectric  constant  of 
the  solvent  : nd  of  neutral  salt  cor.cer.tr:  tion  would  be  cf  interest 
lr.  view  of  existing  theories  of  rates  of  reactions  between  Ions 
;.r.d  dlpol  r molecules.  3ir.ee  eaters  are  hydrolysed  by  both 
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hydrcr.lum  and  hydroxyl  lor.s  -ho  the.riec  of  lor.-dlpcl<j?  reaction 
rates  could  be  ir.veotlg' ted  v;ith  respect  to  both  positive  • nd 
negative  ions  reacting  with  an  idontlcal  dipolar  molecule  under 
like  conditions  of  concentrations  of  reactants,  temperature,  and 
dielectric  constant  of  solvent. 

Experimental 

The  C.  P.  Ethyl  Farm.te,  EaBtraan  Kod:Jt  is  manufactured  in 
a high  0t-,te  of  purity  and  therefore  the  reagent  was  Bimply  dried 
over  burnt  lime  for  24  hours  and  then  distilled  at  an  atmospheric 
pressure  of  725.5  mm  of  moroury.  The  fraction  coming  off  between 
52.1-52.2°  C was  collected.  The  density  of  ethyl  formate  waB 

measured  at  27°  C and  was  found  to  be  0.89511  g/ml.  Ethyl  formate 

o 

used  in  all  kinetic  runs  was  kept  at  27  C and  the  required  quan- 
tity of  pura  ethyl  format-  (0.4140  ml)  was  add6d  to  the  reaction 
solution  at  various  temperatures.  It  was  assumed  that  a negligible 
drop  in  the  temperature  of  the  reaction  occured. 

The  .xGtor.e  was  prepared  according  to  the  procedure  of  AkerloftO 


( 1 ) Ak.  e rlof,  0. , J,  Am.  Chem.  Soo.  , 54,  4125  (1928). 

as  follows:  Acetone,  <7.  T.  Baker  analyzed,  was  treated  lr.  batches 
of  about  three  liters  with  a am.-J.!  amount  of  85J6  bone  phosphorio 
acid  and  lr. mediately  distilled.  Then  it  was  dried  with  burnt 
powdered  lime  for  a d-.y,  poured  off  and  redistilled;  the  fraction 
which  came  over  between  55.5  and  56. C°  C was  collected.  Weight 
peroont  of  acetone  for  a kinetic  run  was  calculated  from  the 
der.elty  determination  of  acetone  at  various  temperatures. 
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Sodium  r.itr  to,  J.  T.  Baker  analyzed;  c.p.  was  used  to  prepare 
1.0000  K NaNOj  stock  solution;  .r.d  this  concent*.  ;.ted  solution  was 
then  diluted  to  the  required  normality  for  v.rloun  kinotlc  runs  on 
salt  effect. 

Freshly  boilod  distilled  water  wao  always  used  in  preparing 
solutions.  A o.arbor.ato-f  reo  oor.cor.trated  sodium  hydroxide  etock 
solution  (about  0.4  N)  Was  prop.-rcd.  The  concentrated  solution 
wao  then  dllutod  in  batches  and  standardized  against  potassium 
blphthalato  and  stored  in  a p;.raf fln-llr.ed  carboy.  From  this 
stock  solution  was  proparod  0.0100  N solution  actually  used  in  tho 
kinetic  runo. 

A 0.4857  N HC1  stock  . "Mon  w.ao  prepared  by  diluting  c.p. 
concentrated  (37J()  acid  and  titrating  ag:  ir.oc.  sod  um  carbonate. 

Thor,  the  0.0200  N HC1  used  lr.  tho  runs  v=..c  propped  aa  r.ooded  by 
dilution  of  tho  stock  solution. 

All  volumetric  appj»ratuo  and  a oot  of  analytical  weights  woro 
calibrated  ;jnd  Bureau  of  Standard  thermometers  wore  used.  Tho 
r.ato  of  hydrolysis  wan  ntuslod  .at  tomper.aturuo  of  35.01,  45.11  and 
55.02°  C.  Insulated  distilled  wotor  baths  equipped  with  offloicnt 
stirring  motors  controlled  the  tcmpor.aturo  v/lthin  10-01°  C of  the 
desired  tompc.raturo. 

Analytical  tochniquoo  woro  ohockod  by  duplicating  a kinetic 
run  whoso  reaction  velocity  const- nt  has  boon  octabli;  hod.  The 
acid  hydrolyolo  of  ethyl  acetate  as  reported  by  H.arnod  ^r.d  Pf  anotial(2) 


(2)  Harr.od,  H.  5.,  .and  Pf.ansticl,  R. , J.  Ara.  Chom.  Soc*,  44, 
2193  (1922). 


was  selected  for  this  purpose 


Exact  duplication  of  thotr  . aporl- 
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mental  work  gave  very  good  checks  of  their  reported  velocity  cor.- 
Dt.-r.tr.  This  indie:  ted  that  both  the  reagents  '.r.d  technique  were 
o:  tinfactory.  No  experiment;.!  reculto  were  available  cor.corr.ing 
the  .-.eld  hydroly.il r.  of  ethyl  formate. 

The  procedure  to  determine  the  kinetics  cf  the  acid  hydrolyuls 
of  ethyl  formate  under  conditions  of  varying  (1)  Ionic  strength, 

;.nd  (2)  dielectric  constant  wan  as  follows:  Flaukn  containing  the 

reagents  were  Immersed  In  the  thermoutat  and  loft  for  four  houro 
for  attainment  f temperature  equilibrium.  Reaction  wau  carried 
out  In  a calibrated  volumetric  flack.  Concentrated  -clutlone  of 
reagontc  wore  prepared  r.c  that  mixing  them  in  the  roactlon  fluak 
and  bringing  the  mixture  tc  the  volumetric  mark  by  the  addition 
of  distilled  water  gave  the  denlrcd  concentration  cf  each  reagent* 
Duplicate  rur.u  were  mado  In  every  case.  The  dooirod  icr.lc  strength 
v;ao  attained  by  adding  the  required  amount  cf  stock  radium  nitrate 
cclutlon.  The  addition  of  acetone  In  correct  amounts  gave  the 
required  dielectric  constants  for  kinetic  runs  or.  the  solvent 
effect.  The  reaction  wore  followed  by  periodic  withdrawals  cf  10.00 
ml  n.  mploi;  cf  the  reacting  mixture.  The  ccr.tor.to  of  the  pipette 
wore  allowed  to  drain  upon  erushod  Ice  prepared  from  distilled 
wate"  to  step  further  nydrclynlc  of  the:  enter.  When  the  pipette 
wan  half  mpty  the  time  v/af.  recorded.  The  cold  samples,  approximately 
0.2°  C,  were  then  titrated  with  O.OlOO  N sodium  hydrexidu  to  a 
phene  1-phthal el r.  end  point.  The  roactlcr.c  wore  followed  until  hy- 
drolynln  w • r approximately  70^  complete  when  possible.  A final  ti- 
tration war.  made  after  the  reaction  had  ample  time  to  roach  completion 
usually  several  h.ura. 

The  reaction  velocity  constant,  k'  , v/ac  calculated  using  the 
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flrot-ordcr  cqu.otlcr. 

dx/dt  = k ( A-x)  (1) 

whore  dx/dt  lr.  the  vel:clty  cf  reaction, 

A roprceontD  the  initial  ccr.ccntr.vtlon  cf  enter 
x the  .'jncunt  of  ootor  chcjigod  lr.  time  t 
k'  the  velocity  cc not onto  f hydrclyGio. 

Integrating  equation  (1) 

kl  = 1/t  lr.  A/(  A-x)  (2) 

Equation  (2)  expressed  lr.  terme  cf  the  number  of  millletoro 

of  oik.- .11  emplcycd  lr.  the  tltrotlon  beccmoo 

k»  = 2^303  iCg  (Tcc-To)  / (Tcc-T)  (3) 

t 

whoro  Too  - Theoretic:. 1 numb  r * f ml  cf  alko.ll  required  for 
complete  hydrclyuio 

T-  = Initial  titration,  ml.  cf  alkali 

T = Titration  value  at  time  t;  ml.  of  tilknli 

t = Time  lr.  mlr.uteo 

k*  = npeclflc  velocity  ccr.otant,  mlr. 

It  con  b'  oeer.  from  equation  (3)  th.  t a plot  of  log  (Too-To)/ 
(Too-T)  againot  t should  give  a straight  line,  and  the  specific 
velocity  constant,  k*  , c:.n  be  calculated  from  the  dope  cf  tho 
otraight  line.  This  wj:  the  method  uuod  lr.  calcul - ting  mcot  cf  the 
k*  values.  Ir.  c-mo  lnnt.-r.cou  k'  vduou  vioro  obtained  by  lr.ocrtlng 
titration  and  time  values  lr.  equation  f 3 5 = 

Tho  precision  of  the  titratior.o  and  the  .’.groement  cf  tho  two 
methedi:  of  calculating  k'  ."o  nhowr.  by  the  typical  data  lr.  Table  I. 


Table  I 


Dielectric  Data 


Bath  T'-mpe 
Solvent  16 

raturo  55.00 
.80/S  Acetone 

t 0. 02C  C. 
by  Weight 

Ethyl  Form.- to  0.0100  M 
HG1  0.0200  M 

NaOH  0.009627  M 

Time 

NaOH 

Tcc-T 

leg  Too-T  k1  x 10‘ 

(Mir.) 

mi. 

(N!in-} 

0 

20.75 

10.39 

1.0165 

' 9 

23.60 

7.54 

0.8774  3.56 

17 

25.30 

5.84 

0.7664  3.39 

24 

26.30 

4.84 

0.6848  5.18 

29 

27.25 

3.89 

0.5899  3.39 

38 

28.30 

2.84 

0.4533  3.50 

44 

28.60 

2.64 

0.4048  3.20 

50 

29.20 

1.94 

0.2878  3.36 

59 

29.70 

1.44 

0.1584  3.36 

68 

30.10 

1.04 

0.0170  3.39 

75 

30.30 

0.84 

T.'9243  3.35 

O'5 

31.14 

Avorago  3.36 

Graphical  Recult  3.40 


Dielectric  Constant  Effect 


Ir.  Table  II  are  recorded  the  kinetic  data  at  constant  acid  and 
ester  concentration  and  conata.r.t  ionic  strength.  In  these  data  the 
dielectric  constant  decreases  with  increasing  weight  per  cent 
acetone  component  of  solvent.  In  addition  to  the  specific  velocity 
constant,  kf  the  energies  of  activation  and  the  Arrhenius  frequency 
factors  are  Included  lr.  Table  II.  The  energies  were  calculated 
from  the  k1/ ^HgO  values  using  the  Integrated  Arrhenius  equation 
which  may  be  stated 

ir.  k'2/(CHgO>g  = <1E  (Tg-Tp  (4) 

t'l^cHgO*l  B T2  T1 

The  frequency  factor,  B,  wuB  calculated  using  k'/Cfl  q 
values  from  an  equation 

Tg  log  (k'a/lCHgolg)  - Tj  log  U'/fCHgOli)  (5) 

T2  - T1  ” 

Ir.  general  the  A E and  B quantities  decrease  with  decreasing 
d^lectric  constant  through  minimum  and  then  increase  continuously. 
The  numerical  value  of  these  njua.nti ties  are  these  observed  in  many 
instances  for  reactions  in  solutions. 

In  Figure  1 is  plotted  log  k'  versus  :a*cer.t  acetone  by  weight 
for  the  th^ee  temperatures,  35. hi,  45.11  and  55.02°  C.  The  specific 
velocity  constant,  k'  decrease  with  increasing  concentration  of 
acetone  lr.  a linear  manner  for  all  three  temper/, tures  except  fer  the 
■elutions  containing  higher  percentages  of  acetone.  The  data  at 
55.02°  C are  observed  to  depart  from  linearity  at  a lower  percentage 
of  acetone  than  those  at  other*  temperatures. 
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Table  II 

Experimental  Values  of  Velocity  Cor.Btnr.ta  as 
a Function  of  Dielectric  constant;  Corresponding 
Energies  of  Activation  and  Frequency  Factors 
Temperature  35.01°  C. 


Ion!  c 

Strength  0. 

02C0  HC1 

0.0200  U 

Ethyl  Fo 

rmate  0.0100  M 

Acetone 
% by  wt 

D 

• 

k«  x ID3 
mlr.  -1 

k'  x 106 

AE  B 

(35. 01-45. 11)  (35.01-45. 11 
-1  Oc  0(j 

lClS°-l  mol- 

D.C~ 

74752 

5766 

10.64 

207IQO 

ID729 

8.4 

70.47 

5.16 

11).  43 

19,200 

S . 64 

16.8 

66.07 

4.47 

10.17 

lo , 900 

9.40 

25.4 

60.95 

3.  85 

10.01 

lcs , 700 

9.24 

34.5 

55.04 

3.30 

10.01 

18.500 

9.17 

44.1 

49.55 

2.90 

10.  55 

17,700 

9.57 

54.0 

43 .35 

2.55 

11.60 

17,200 

9.21 

64.6 

36.73 

2.38 

14.4 

16,100 

Q.  59 

75.7 

30.34 

2.30 

20.9 

15,200 

8.13 

Temperature  45.11°( 

( 45. 11-55. 02 )(  45.11-55.02 

°C 

°C 

0.0 

71.00 

16.  5 

29.9 

20,800 

10.78 

8.4 

66.99 

13-9 

28.5 

21 , 400 

11.15 

16.8 

62.37 

11.8 

26.8 

22,200 

11.  66 

25*  4 

58.08 

10.05 

26.1 

22,900 

12.14 

34.5 

52.97 

8.65 

25.9 

24,000 

12.90 

44.1 

47.10 

7.20 

26.2 

25,500 

13.90 

54.0 

41. 50 

6.15 

28. C 

26,600 

14.75 

64.6 

34.99 

5.45 

33.1 

26,700 

12.42 

75.7 

28.71 

5.03 

45.7 

26,800 

18.90 

-9- 


Acetor.e 
% by  wt 

0.0 
0.4 
1(5.8 
25.4 
54.  5 
44.1 
54.0 
64.6 


Table  II  (Cor.t'd) 
Temperature  55.02°  G 


D 

k»  x 103 
min""1 

k’/O^o  *10 
mlr.  mol*" 

67.92 

44.  5 

81*0 

63.83 

38.5 

77.9 

59.  57 

34.0 

77.4 

55.21 

50.0 

78.0 

50.35 

27.0 

81.9 

44.87 

24.3 

88. 5 

39.36 

22 . 0 

100.1 

33.27 

20.0 

12-t  * 4 

27.42 

19.0 

172,7 

75.? 
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In  figure  2 1 b pi  -“ted  leg  of  specific  velocity  constant,  k1 
versus  the  r,;:cipv,oc  .1  of  t ho  dielectric  constant  of  the  medium,  The 
specific  velocity  constant,  k1  deo”eaoeB  with  decreasing  dielectric 
constant  ehcv.'ir.g  a linear  relationship  Ir.  the  region  of  higher 
dielectric  constant.  A depart'd"©  from  linearity  w:.b  observed  for 
all  thr. e t .■'mpo"atuY,es  at  dielectric  constant  valuer  between  55.5 
to  53.8.  These  curves  were  similar  tc  those  of  Hockerunith  and 
Amis  (3)  and  Nalr  md  Anls  (4).  The  straight  line  portions  of  the 


fcj HxilWBiiith,  J.  L.  and  Ami e,  E.  S.,  Technic  1 Report  No.  2 tc  the 
Office  of  Nav  i Research,  Pr.Ject  No.  NR  C57-233,  Contract  Nor.r- 
037C0,  October  25,  1352,  Presented  to  the  J.  Am.  Chem.  Soc.,  for 
consideration  for  publ lcatlon. 


( 4 ) Na lr , ?.  and  Amis,  E.  S.  , Techr.ic- 1 Report  No.  3 to  the  Office 
of  Nav  i Rese:,rch,  Project  No.  NR  057-233,  Contract  Nonr-03700, 
October  28,  1952.  Presented  tc  the  J.  Am.  Chen.  Sec.,  for  ccr.- 
f Idem  tier,  for  publication. 


curves  gave  r values  of  4.25,  4.38  and  4.48.  A^gstrocs  nt  temp- 
eratures of  35.01,  45.11,  55. C2  respectively.  Thus  values  of  r 
found  arc  of  molecular  dimension;  which  should  be  the  case  since 
r Is  essentially  the  radius  of  the  intermediate  lr.  the  kinetic 
process.  The  c lculatior.  was  cade  using  the  equation 


s = _ lisl 2 

2.303  Mi- 
ff here  S = The  elope  of  the  leg  k1  vs  1/D  plot, 

ZA,2ri  - valence  cf  the  ior.s;  A and  S respectively , 


(6) 


g - electronic  ch.rge 
k - Bcltznar.  Const  ,r.t 
T » Absolute  temper- ture 


r = r.-  dius  of  the  intermediate  In  the  kinetic  process 
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The  m.agRituue  r.a  signs  -i'  the  slopes  of  the  curves  -r.d  experi- 
ment-1 value.'.  -f  r Indicate  the  mechanism  cf  the  reaction  Involves 
rate  controlling  step  between  ions  cf  like  slgna.  But  It  Is  not 
possible  tc  accept  tnls  mech  .nl  am  because  r.c  reasonable  mech  nlsm 
Involving  1-r.B  cf  like  Blgr.  can  be  formulated  for  the  add  hydrolysis 
of  r.  ester  -.no  the  re  ctlor.  specie;-. , water,  should  not  be  ignored 
even  th.u.vh  It  w.-.b  ■ component  cf  the  solvent. 

In  figure  3 Is  plotted  leg  K'/CngO  WJ^lnat  the  rociproc- 1 of 
dielectric  constant  cf  the  medium  fo”  the  three  temperatures  under 
lr.vestlg-  tlon.  Hockeremlth  and  Amis  (3)  .*.nd  W lr  and  Amis  (4) 
plotted  similar  curves  fo"  the  :.cld  hydrolysis  of  methyl  propionate 
and  ethyl  ncet- te  rei-pect" vely.  The  portions  of  their  curves 
corresponding  to  higher  value  cf  dielectric  constant  were  straight 
lines  having  magnitudes  -r.d  signs  of  slopes  Indicating  the  control- 
ling step  lr.  the  reaction  w a one  lr.  which  .a  positive  lor.  reacted 
with  a dipolar  molecule.  Hockeremlth  and  Amis  (3)  accept  the 
following  mechanism  for  the  acid  hydrolysis  cf  the  esters: 


0 

// 

R-c-e- 


— }R-C-OH-»  R'OH  + H'  (?) 


They  stipulate, how ev that  a step  involving  the  product  of 
the  concentration  cf  the  positive  lor.  ana  the  concentration  of 
dipole  molecule  governs  the  r-  to.  No  such  conclusions  car.  be  drawn 
from  the  present  d- t.-  8lr.ee  log  k'/c  first  decreased,  passed  through 
a minimum,  -r.d  then  Increased  as  the  reciprocal  of  dielectric  con- 
st.-r.t  of  the  medi..  Increased  at  .11  three  temperatures.  The  shapes 
of  the  curves  are  reminiscent  cf  catalytic  catenaries.  This  suggests 
th-t  the  main  Influence  ~f  the  solvent  lr.  the  - eld  hydrolysis  of 
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othyl  formate  lr  exerted  upcr.  the  hydror.lum  lor.,  .-r.d  is  effective 
by  ch.-r.glnj?  tho  ctivlty  .f  tho  lor.. 

Further  calculations  were  m- do  t.  confirm  the  lor.-dlpole 
mech  r.l  am  from  Che  energy  at  .ndpoint.  Coulomblc  er.erc*1  es  arising 
f^cm  the  ch-r.ge  In  dielectric  constant  cf  the  medium  were  calculated 
frem  the  equation  (5) 

( 5 ) AmT  i7~E . S . , ^Kinetics  -.f  Chemlc.  ITHange  1r.  SoIutior.Sj^The 
Macmillan  Company,  How  Yc~  k,  1949,  p,77  -.r.d  p.  162. 

69.1  Z M 

^Ec  = D^Dgl'^  AD  (8) 

Where  4EC  coulomblc  energy,  &D  was  the  difference  between 
Dg  - r.d  and  the  other  terms  have  their  usual  eVgr.lficr.ee.  These 
calculated  v.-luer.  of  coulomblc  energies  together  with  observed 
values  were  recorded  lr.  Table  III.  In  the  calculation  of  ttese 
cculombic  energies  the  s-me  r value  was  used  th  t was  obtained  from 
the  leg  k1  versus  1/D  plots.  The  observed  v lues  of  the  coulomblc 
energies  differed  by  a rcaBcr.- ble  magnitude  fr-.m  the  calculated 
values.  Thus  It  was  not  poe.lblc  to  .-.ccept  thq(lor.-dlpoie  mech-r.lsm 
fo~  tho  re  ctlcr.  of  -.eld  hydrolysis  of  ethyl  formate. 

Tho  authors  could  find  r.o  electrostatic  interpretation  which 
was  consistent  w<th  tho  data.  However,  the  d-  ta  fc'*  methyl  propio- 
nate and  ethyl  acot.--.to  wc^e  explained  or.  tho  b.  sin  of  electrostatics. 
The  dielectric  constant  data  for  acid  hyd^olyrl;--  cf  methyl  propio- 
nate In  acotcr.e-water  mixture.-:  were  well  confirmed  by  electrostatic 
Interpret,  tlor.  at  all  temperatures  lnvestig-  ted.  The  data  for 
ethyl  acetate  lr.  acotcr.o-wat  o: ■ mixtures  were  progressively  leas 
amenable  to  electrostatics  with  Increasing  temperatures.  Since  data 
of  ethyl  acetate  show  r.ome  derivations  f -om  electrostatic  require- 
ments, extrapolation  to  the  ester  cf  formic  acid  might  be  expected 
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Table  III 

Experiment  .1  and  Calculated  Values  of  Energies 
of  Activation  for  Solvent  Effect 


Ionic  Strength;  0.0200  HC1:  0.0200M  Ethyl  Formate:  0 = C100M 


Between 

Temperatures; 

35.01°  a ■ 

i nd 

— 

45 

.11°  C. 

D 

k'  x 103 
mln~l 

k'  x 103 
min-*1 

E'ob  a 

A Eobs 

*Ec, 

.1. 

<a  35.01°  C 

<it  45. 11°C 

66.68 

4.62 

13.9 

21 , 600 

62.44 

4.06 

12.5 

21,700 

190 

78, 

,9 

58.88 

3.66 

11.1 

21,800 

110 

75. 

.0 

55.59 

3.30 

10.3 

21,900 

120 

78, 

,0 

Between 

Temperatures;  < 

45.11°  C.: 

vnd 

55 

• 

O 

ro 

o 

o 

<<  45. 11°C 

l->55.02°  C. 

66.68 

13.9 

40.9 

22,200 

62.44 

12.5 

37,0 

22,200 

0 

78. 

.9 

58.88 

11.1 

33.5 

22,200 

30 

75. 

,0 

55.59 

10.3 

30.5 

22,200 

30 

78. 

,0 

Between 

Temperatures:  , 

35.01°  C : 

.nd 

55 

.02°  C 

U55.010  C 

. 'o55.02°  C. 

66,68 

4.62 

41.0 

22,100 

62.44 

4.06 

37.0 

22,100 

50 

78, 

,9 

58.88 

3.66 

35.5 

22,200 

70 

78, 

,0 

55.59 

3.30 

30.5 

22 , 3C0 

70 

78, 

0 

Experl mental  ValueB  of  Frequency  Factor  for  Solvent  Effect 

Ionic  Strength:  0.0200  HC1: 0.0200  li  Ethyl  Formate:  0.0100M 

Dielectric  Constant : 62. 44 

Temperature  Frequency  Factor 

PC. 


36.01  - 45.11 
45.11  - 55.02 


10.07  x 10*5 
12.88  x lO1^ 
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Sal  z Effect 

In  Table  TV  are  recorded  the  kinetic  data  when  the  solvent  was 
water  and  lcr.lc  strength  w„3  changed  with  Increasing  concentration 
of  neutral  salt  (NaNO^).  In  Figure  4 In  plotted  log  k1  ag- Ir.ot  the 
negative  logarithm  of  the  activity  of  hydronlum  lor.  for  three  temp- 
eratures under  Investigation.  The  activity  of  hydronlum  lor.  was 
obtained  by  calculating  activity  coeff ielent-uelr.g  the  first  approxi- 
mation of  Debye-Huckel  theory  and  the  distance  of  closest  approach 
from  Figure  2.  The  equation  for  this  first  approximation  is 

i 

2H^0+  A 'Tm 

-In  f u - a “ T~^ 

H B v'a 

Where  q+1s  the  activity  coefficient  of  the  hydronlum  lor.  of 
valence  ZH^O"*"  In  a solutlcr.  of  ior.lc  strength/f;  A and  B are  the 
Debye-Huckel  constants,  which  can  be  calculated  from  the  kr.cwr. 
properties  of  the  solvent  .r.d  certain  ph;.,ical  constants,  and  al 
Is  the  distance  of  closest  approach  of  two  lens.  Using  the  activity 
coefficients  of  hydronlum  lor.  and  the  ccr.centr  tlcr.s  of  the  hydro- 
chloric acid,  the  activities  cf  the  hydronlum  lor.  In  the  various 
cor.cer.tr.'  tlons  of  reacting  solutions  could  be  found  by  multiplying 
the  activity  coefficient  of  the  hydronlum  Icr.  by  lte  concentration. 
The  concentration  cf  the  hydronlum  lor.  was  a.  sumed  to  be  the  same 
&b  the  concentration  of  the  aclds-Hockersmlth  a.r.d  Amis  (3)  found 
that  plots  of  log  k’  against  the  negative  logarithms  of  the  activity 
of  the  hydronlum  lor.  for  methyl  propionate  were  catalytic  catenaries 
of  Claes  E ae  classified  by  R.  P.  Sell,  ft>) 


(6)  Bell,  R.  "Acid-Base  Catalysis",  Oxford,  the  Claredor. 

Press,  1941,  pp«  6-10  and  21-35. 
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to  diverge  f>.m  the  required  electrostatic  interpret-*  tiun  whe: 
common  advent  .cotcre-w.-ter,  la  used  in  dl  three  o.vaeo.  How 
tc  explain  the  cor.tlr.u:.l  shift  uw-.y  from  the  elo'  croet.vt.ie  Ir.tor- 
p rotation  i.o  one  goee  from  methyl  propionate,  to  ethyl  ucot.’.te,  tc 
ethyl  form;  te  la  not  clonr  unless  apeolfio  solvent  of f oct  b acomes 
progress! vfely  sm.'-.ller.  The  decreasing  size  of  the  .vein  rvdloal 
might  be  Involved  Ir.  the  progressive  departure  of  the  dvt:,  from 
the  electroPt:  tic  theory,  since  ir.  general,  theoretic  1 eloctro- 
8t r.t  1 c relations  are  fc’-inul-.tcd  to  confirm  dvt a Involving  larger 
particles. 
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Table  IV 


Experiment. -.1  Valuer  ef  Velocity  Ccr.ut-ntK  ae  a Function 
of  Ionic  Strength:  Cc'-r expendin'/  Energies  of  Actlv  tlor. 
Frequency  Factors,  .•no  Activity  Coefficients 


D-  74.82 
Tot:.l  Ionic 
strength 


Hci : 

x 10^ 


min 


-1 


Temperature 


0.02  OOP: 

fH30  + 


35.01 


o 


Ethyl  Formate;  0.0100M 
, AE  B 

(35.01-45.11)  (35.01-45.11) 
°C.  0C 


0. U200 

5 . 85 

0.9556 

0.0400 

5.78 

0.9133 

0 . 0600 

5.75 

0.8976 

0.0800 

5 . 76 

0 . 6053 

0.1000 

5.78 

0.8752 

0.1200 

5 . ?^0 

0.8664 

0.1400 

5.85 

0.8586 

C. 1800 

b . 02 

0.8453 

0.2200 

6.26 

0.8341 

0.2600 

6 . 45 

0.8243 

0 . 3000 

6.75 

0.8166 

0.3400 

7.12 

0 . 8087 

Temperature 


0.0200 

16.5 

0.9396 

0.0400 

16.3 

0.9206 

0. 0600 

16.2 

0 . 9080 

0.0800 

16.1 

0.o9d4 

0.1000 

16.1 

0.8908 

0.12C0 

16.2 

0.8843 

0.1400 

16.3 

0,6784 

0.1800 

16.6 

0.8691 

0.2700 

17.0 

0.8611 

0.2o00 

17.4 

0.8549 

0. 3000 

17.9 

0.8494 

0 . 3400 

18.5 

0.a445 

20,100 

12.03 

20,100 

12.03 

20,000 

12.00 

20,000 

11.95 

19,900 

11.92 

19,900 

12.03 

19,900 

11.90 

19,700 

11.78 

19,400 

11.57 

19,300 

11.50 

18,900 

11.25 

18,500 

11.00 

.11°C 


.11-55.02) 

OC. 

(45.1J-55.02) 

20,800 

12.41 

19,900 

11.85 

19,500 

11.50 

19, oCO 

11.33 

19,100 

11.20 

19,000 

11.17 

19,000 

11.19 

19,500 

11.53 

20,700 

12.34 

22,200 

13.36 

23,800 

14.50 

25,400 

15.60 
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Table  IV  (Cor.t'd) 
Temperature  5b.02°C. 


Total  Ionic 
strength  (^() 

k>  x 103 
mln-1 

0.0200 

44.6 

0.9383 

0 . 0400 

42.0 

0.9356 

0 . 0600 

41.0 

0.0063 

0 . 0800 

40.4 

0.3969 

0.1000 

40.1 

0.6888 

0.1200 

40.2 

0,8820 

0.1400 

40.5 

0.8764 

0.1800 

42.2 

0.8668 

0.2200 

45. 6 

0.8570 

0.2600 

50.1 

0.8525 

0.3000 

55.8 

0.8468 

0.3400 

62.2 

0,8419 

Ir.  the  class  B cater.erleo  the  siies  Intersect  at  a sharp 
minimum  with  u slope  of  approxlm;  tely -15  degreen  with  the  horizontal. 
The  catererles  obtain  lr.  the;  present  investigation  show  a rounded 
minimum  and  sides  rising  steeply.  The  chapes  of  those  catenerlea 
are  not  similar  to  those  of  the  ordinary  classes  of  cater.erles 
found  in  the  literature.  This  could  p_ot  toe  explained  on  electro- 
static theory  f^om  the  standpoint  of  primary  salt  effect  (5)  since 
If  such  was  the  case  the  posit lve-lor.  and  neutral  molecule  mecha- 
nism should  t how  or.  Increase  lr.  the  rate  of  reaction  v:lth  Increase 
in  Ionic  strength.  This  Is  r.ot  the  cease  as  It  could  be  seen  from 
Figure  5 where  log  of  the  specific  velocity  cor.Btar.t  was  plotted 
against  ionic  strength  at  the  three  temperatures  Investigated. 

These  plots  showed  an  almost  horlzor.t  portion  extending  over 
half  the  ionic  strength  range  before  the  rate  constant  Increase 
was  observed  with  lr.cre.ase  lr.  lor.lc  strength. 
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Fig.  2 - Solvent  Effect  on  Acid  Hydrolysis  of  Ethyl  Formate 


10 


2 


I / D X 


Kig .5- Effect  of  Neutral  Salt  on  Acid  Hydrolysis  of  Ethyl  Formate 
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